Summary. During pro-oestrus, baseline LH concentrations for 9 vixens (pooled data) ranged from 0\m=.\8 to 5\m=.\3ng/ml. In each vixen, baseline levels were interrupted by elevations of LH ranging from 3\m=.\1to 10\m=.\4 ng/ml. A major preovulatory LH surge was detected in all the vixens. The LH peak ranged from 13\m=.\5to 73\m=.\0 ng/ml with an average of 27\m=.\8 \m=+-\18\m=.\8(s.d.) ng/ml. Plasma LH concentrations declined to a basal level of 1\m=.\3\ m=+-\ 1\ m=. \ 0 ng/ml within 48 h of the peak value. The duration of the LH surge was 1\p=n-\3 days. The LH peak occurred 1 or 2 days before any sexual receptivity was observed. All the vixens were mated twice 2\p=n-\5 days after the LH peak; 8 conceived. Plasma concentrations of oestradiol-17\g=b\increased gradually during the last 6\p=n-\7 days before oestrus and reached maximum values (124\p=n-\373pg/ml) at the time of the preovulatory LH peak. The first significant increase in plasma progesterone concentration occurred simultaneously with the LH peak. During oestrus (normally 3\p=n-\5 days), progesterone levels rose steeply, attaining a mean concentration of 57\m=.\0 \m=+-\ 17\m=.\5 ng/ml when the vixens went out of heat. Androstenedione and testosterone values changed similarly, both increasing at the beginning of pro-oestrus and reaching maximum values (805\p=n-\1879pg/ml and 328\p=n-\501 pg/ml respectively) 1 day before to 1 day after the oestradiol-17\g=b\peak.
Introduction
Data on the reproductive physiology and endocrinology of the fox are scarce, and the available information is limited to the ovarian steroid hormones in peripheral plasma (Moller, 1973 (Moller, , 1974a Mondain-Monval, Dutourné, Bonnin, Canivenc & Scholler, 1977; Bonnin, Mondain-Monval & Dutourné, 1978; Mondain-Monval, Bonnin, Scholler & Canivenc, 1979; Meiler, Aursjo & Sjaastad, 1980 ). There appears to be no information for these furbearing animals on the changes in plasma concentrations of luteinizing hormone (LH) during pro-oestrus and oestrus, which take place once a year, usually in March and April. In the red fox (Vulpes vulpes), preliminary results have shown that plasma LH levels fluctuate throughout the year and particularly at the end of anoestrus from November to February, but daily variations around oestrus have not been investigated (Mondain-Monval, Bonnin, Canivenc & Scholler, 1981) .
In the present paper, we have examined the sequence of hormonal events leading to oestrus, ovulation and the formation of corpora lutea in the blue fox. The electrical resistance of the vaginal tract is known to alter dramatically during the oestrous period (Moller & Froysedal, 1980; Mailer, 1980) and we also attempted to correlate the data on hormonal events with the data on electrical resistance at the onset of oestrous behaviour and mating.
Materials and Methods

Animals
Blue fox vixens, 2-5 years old, were used. The 9 vixens were individually housed under natural conditions of daylength and temperature before and during the investigation on 
Measurement of vaginal electrical resistance
The electrical resistance of the vaginal tract was measured daily around oestrus using a modified ohmmeter developed by Metzger, Freytag & Leidl (1972 (1981, 1984 (Text-fig. 1 ). The inter-assay and intra-assay coefficients of variation were 10-3% (n = 15) and 7-3% (n = 60) at a level of 1-6 and 1-8 ng/ml respectively. Oestradiol-17ß and progesterone values were determined from the same plasma samples (1 ml) using the methods of extraction and radioimmunoassay previously reported by Mondain-Monval et al. (1977) , with the following modifications. The two steroids were separated on columns of Sephadex LH-20 in benzene-ethanol (90:10 v/v) and eluted with 4-7 ml of the same solution. Progesterone was eluted in the 0-6-1T ml fraction and oestradiol-17ß in the 2-9-4-7 ml fraction. Aliquants (50 µ of the progesterone fraction and 500 pi of the oestradiol fraction) were assayed in duplicate. Androstenedione and testosterone concentrations were determined as described previously (Mondain-Monval et al, 1979).
AU samples taken from a single animal were assayed within a single assay. Samples with high steroid concentrations were re-assayed after dilution. The intra-assay and inter-assay coefficients of variation are listed in Table 1 . Assay recoveries are given in Table 2 . Intra-assay Inter-assay (pg/ml) 7-8 (n = 10) 9-9 (n = 8) (n = 9) 8-9 (n = 9) 11-8 (n = 10) 13-4 (n = 8) (n = 9) 11-8 (n = 9) 9 300 30 20 fig. 2b ) measured 1 day before the major preovulatory LH peak were consistently low ( < 0-8 ng/ml plasma). The values increased signifi¬ cantly coincident with the LH peak and were always elevated above baseline levels (4-40 ng/ml) at the first mating. Plasma fig. 2a ). Text-figure 2(a) indicates that the optimal time for mating occurs during the decline phase of resistance, and the mating programme used in the present study produced satisfactory conceptions.
Discussion
An interesting finding in this study was the observation of rises in plasma LH concentration that occurred during pro-oestrus in most of the vixens. Due to the variability of onset of these elevations, their presence was masked when an overall LH profile was plotted (Text-fig. 2b ). Recent studies suggest that these pro-oestrous rises are in fact more frequent and of greater magnitude (up to 38 ng/ml) than those reported in the present study, but of short duration and therefore may easily be missed (unpublished data). In the ewe, Goodman, Reichert, Legan, Ryan & Karsch (1981) sug-gested that the increase in tonic LH secretion is a stimulus for the preovulatory rise in plasma oestradiol concentration. This may also be the case in the fox.
The LH peak varied in magnitude from 13-5 to 73-0 ng/ml, and the total plasma LH surge extended over a 24-72-h period. It is probable that LH levels remain maximally elevated for only a few hours, and that the great variations observed in this study are a reflection of the relatively infrequent blood sampling regimen. The levels and duration of the major LH surge in the blue fox (1-3 days) are similar to those observed in the dog (2-4 days) (Concannon, Hansel & Visek, 1975; Wildt, Chakraborty, Panco & Seager, 1978) . This was not unexpected since taxonomically the fox is a fairly close relative of the dog. The prolonged elevation of plasma LH above baseline values in canine species is comparable to that occurring in the rhesus monkey (Weick et al, 1973) , but differs from the very long release in the mare (Geschwind, Dewey, Hughes, Evans & Stabenfeldt, 1975) , and from the brief release recorded in the rat, rabbit, hamster, ewe and cow (see Concannon et al, 1975, for 
references).
Five of the blue fox vixens were mated on the 2nd and the 4th days and 4 on the 3rd and the 5th days after the LH peak, indicating a distinct relationship between the LH peak and the onset of oestrus in the fox. In the bitch, on the other hand, the LH surge can occur at various times during the final 3 days of pro-oestrus and the first 5 days of oestrus (Concannon, Hansel & McEntee, 1977; Wildt et al, 1978) . No precise data appear to be available on the interval between the LH peak and ovulation in the blue fox, but in the silver fox it has been stated that most ovulations occur on the 1st or 2nd day of oestrus (Johansson, 1941 ; Pearson & Enders, 1943) . In the bitch the majority of ovulations (77-2%) occur 24-72 h after the LH peak, and 93-5% of the follicles show morphological evidence of ovulation 96 h after the LH peak (Wildt et al, 1978) . However, in the rat, ewe, sow, cow, monkey and human female the corresponding interval varies between 12 and 40 h (Niswender, Roche, Foster & Midgley, 1968; Monroe, Rebar, Gay & Midgley, 1969; Niswender, Reichert & Zimmerman, 1970; Yussman & Taymor, 1970; Swanson & Hafs, 1971 ; Weick et al, 1973) . Thus one of the unique aspects of canine endocrinology appears to be the prolonged duration of the interval between the LH peak and ovulation.
The demonstration of a well-defined oestradiol-17ß peak with maximal plasma concentrations of about 245 pg/ml is similar to that reported by Moller et al. (1980) . From the present data, it appears that there is a clearcut correlation between the preovulatory oestradiol-17ß peak and the LH peak. This indicates that the major LH release, as in other species, is triggered by oestrogen secretion. However, the coincidence of the oestradiol peak and LH peak in the blue fox is decidedly different from the relationship seen in the bitch in which the oestradiol peak precedes the LH peak by 1-2 days (Concannon et al, 1975) .
It is probable that the preovulatory follicles are the major source of the two androgens measured in this study and of oestradiol-17ß, since the concentrations of all three hormones decreased to low levels at the time of ovulation. Aromatization of androstenedione is the main pathway for the biosynthesis of oestrogen in the canine ovary (Aakvaag & Eik-Nes, 1965) . If androstenedione is an obligatory intermediate in the biosynthesis of oestradiol in the blue fox, the relatively large plasma androgen concentrations observed before ovulation may be purely a leakage phenomenon rather than a requirement for physiological events of the oestrous cycle.
In the red fox, androstenedione is thought to play a role in ovulation or the initiation of luteinization (Mondain-Monval et al, 1979) . It is also possible that the two androgens function as additional regulators of gonadotrophin secretion in the periovulatory period (Pant, 1977) . Baird, Swanston & McNeilly (1981) suggested that the LH surge stimulates a large increase in the secretion of thecal androgens which accumulate within the follicle and then inhibit aromatase activity and eventually all follicular steroid secretion (Hillier, Boogaard, Reichert & Van Haa, 1980 (Moller & Fraysedal, 1980; Moller, 1980 (Leidl & Stolla, 1976) . In sheep, the lowest values are observed during oestrus, whereas in the bitch (Klötzer, 1974) and in the blue and silver fox (Moller, 1980 ) the highest levels of resistance are recorded at this time. Leidl & Stolla (1976) assumed that the blood in the vaginal secretion of the bitch was responsible for the incresae in electrical resistance, but blood is not present in the vaginal secretion of the fox.
The increase in progesterone concentration occurring coincident with the LH peak suggests that the LH peak induces preovulatory luteinization with resultant progesterone secretion. It is apparent from earlier studies that the ripe preovulatory follicles of the fox contain active luteal tissue (Pearson & Enders, 1943; Moller, 1974b 
